Protein synthesis was studied during precocious and natural soybean seed (Glycine max [L.] Merr.) maturation. Developing seeds harvested 35 days after flowering were precociously matured through controlled dehydration. Total soluble proteins and proteins labeled with [35S]methionine were extracted from control, developing seeds and from precociously and naturally matured seeds and were analyzed by one-dimensional PAGE and fluorography. The results demonstrated that several polypeptides which were designated "mature polypeptides," were synthesized de novo during precocious and natural seed maturation. Two of these polypeptides, 31 and 128 kilodalton in mass, also stained intensely with Coomassie blue, suggesting their abundant accumulation during seed maturation. Results from in vitro translation experiments showed that the mRNAs corresponding to these "maturation polypeptides" accumulated during precocious maturation and in naturally matured seeds, but not in seeds freshly harvested 35 days after flowering (control). The role of the "maturation polypeptides" is currently unknown; however, their presence and that of their corresponding mRNAs was coincident with the ability of matured seeds to establish seedling growth. This study has demonstrated that precocious seed maturation treatments may be extremely useful for investigations of metabolic events and molecular control mechanisms affecting soybean seed maturation.
Maturation completes the development of most seeds. During maturation, there is loss of polyribosomes followed by the cessation of storage protein synthesis (4) . Storage protein synthesis during development of several seed species has been extensively characterized (23, 24) . The cessation of storage protein synthesis during maturation has been utilized as a marker for precocious germination of seeds in culture (9, 21) . Concomitant with the decline in metabolic activity as developing seed tissues dehydrate, there is a transition to the mechanisms associated with germination (cell expansion resulting in radicle protrusion) and seedling growth (cell expansion and division) upon rehydration. Such metabolic changes affect protein synthesis and the establishment of enzymic activities necessary for the catabolism of storage reserves during the early part of seedling growth (3, 11, 12, 15, 16, 26, 27) .
Experimentally, it is possible to interrupt seed development (i.e. the accumulation of storage constituents [27] ) and impose maturation on developing seeds through controlled dehydration (precocious maturation). In so doing, the physiological and biochemical changes specifically associated with seed maturation can I Present address: Department of Botany and Plant Sciences, University of California, Riverside, CA 92521.
be separated from the events associated with seed development (26, 27) . Several researchers have utilized this approach to redirect seed metabolism from a developmental mode to a germination and seedling growth mode upon subsequent rehydration (3, 11, 15, 18, 27) .
When harvested from pods and placed in a moist environment, developing soybean seeds will germinate (cell expansion leading to radicle protrusion from the seed coat) midway through development at 35 DAF (68-79% moisture). However, this germination does not progress to seedling growth (cell expansion and division) unless the percentage of moisture in the seed is artificially dropped below 60%, similar to seeds maturing naturally in the field (26) . As soybean seeds lose moisture through imposed treatments, metabolic events occur which are characteristic of natural seed maturation (2, 3, 26, 27) . When drying treatments are imposed, the seeds are said to be precociously matured if they can establish seedling growth (26, 27) . Recently, Kermode and Bewley (15) (16) (17) examined the metabolic consequences of drying on the subsequent germinability of developing castor bean (Ricinus communis L.) seeds. The results showed similar patterns for soluble and insoluble protein synthesis within the endosperm and cotyledon of precociously and naturally matured seed tissue. Unlike immature castor bean seeds, which require a drying treatment to effect the transition from developmental metabolism to metabolism associated with germination (radicle protrusion only) (15) , immature soybean seeds at 35 DAF (middevelopment) will naturally pass from a developmental mode to a germination mode when removed from the plant (26, 27) . However, germination does not lead to seedling growth unless the seeds receive a slow dehydration treatment following harvest from the plant (3). When a drying treatment was applied for 24 h to 35 DAF soybean seeds, several new polypeptides were synthesized when compared with control, nontreated seeds. The de novo synthesis and accumulation of these polypeptides was coincidental with the ability of a large percentage of seeds to undergo the transition from germination to seedling growth (26) . Maximal rates of seedling growth were not achieved until seeds were dried for 72 to 96 h (26) . The use of controlled moisture loss to effect precocious maturation in soybean seeds enables one to study protein synthesis during maturation. As such, the objective of this study was to compare changes in soybean seed metabolism, at the level of protein synthesis, during precocious and natural maturation. Seeds harvested at 35 DAF (35% germination and 0% seedling growth) were precociously matured (100% germination and 100% seedling growth) through controlled dehydration treatments that exceeded those previously reported (26) . Total (22) .
Analysis of Seed Protein. Proteins were separated by one-dimensional, 9 to 14% polyacrylamide, gradient gel electrophoresis according to the method of Laemmli (19) . Gels analyzed for in vivo or in vitro synthesized proteins were fixed overnight for fluorography as described previously (26) . Those analyzed for total soluble protein profiles were stained with Coomassie brilliant blue R-250 for 2 h and destained according to the method of Chua (8) .
Extraction of RNA and in Vitro Translations. Soybean seeds harvested and/or treated as previously described under "Plant Material" were frozen in liquid N2 and stored at -80°C. RNA was extracted from frozen soybean seeds using the guanidineHCl extraction procedure of Chirgwin et al. (7) with modification. Three g of frozen soybean seeds were carefully broken into pieces in liquid N2 using a mortar and pestle and then were homogenized with 30 ml of cold 5 M guanidine-HCl/10 mM Tris- Figure 1 shows that regardless of the drying treatment method employed (75% RH or in intact pods), new polypeptides were synthesized during precocious maturation. Prominent in the seeds undergoing precocious maturation is a polypeptide band found in the area of 128 kD. This polypeptide band is quite evident in seeds dried for 72 h or 96 h. In addition, five polypeptides ranging from 18 to 26 kD also were synthesized during precocious maturation. Another polypeptide (Fig. 1, open Figure 2 shows an SDS-polyacrylamide Coomassie blue stained gel of the total soluble protein profiles obtained from the seed extracts represented in Figure 1 . Little change was seen among all treatments in the qualitative levels of subunits that represent the major storage protein fractions of soybean seeds (23) . The 128 and 31 kD polypeptides noted in the in vivo studies in Figure 1 were also evident in the total soluble protein extracts from 72 and 96 h treated seeds as indicated by the arrows in Figure 2 . These two polypeptides appeared to be accumulating over the drying maturation treatment.
Protein (26) . Figure 3 (Fig. 3 [square] ). Similar results were noted for the 31 kD polypeptide during precocious maturation of 35 DAF seeds (Fig. 1) . The five lower Mr polypeptides ranging between 18 and 26 kD which were observed during precocious maturation (Fig. 1) were also synthesized during natural soybean seed maturation (Fig. 3) . As previously seen for precociously maturing seeds (Fig. 1, open arrowhead) , there was one low M, polypeptide band in freshly harvested 35 DAF seeds that was not detected in the mature seeds (Fig. 3 , open arrowhead below 26 kD region). Likewise, two polypeptide bands (Fig. 3 , open arrowheads above 26 kD area) heavily labeled in fresh 35 DAF seeds showed a reduction in synthesis at seed maturation.
Naturally matured, field-grown soybean seeds that were used in the in vivo experiments did not have moisture contents below 12% (data not shown), whereas precociously matured seeds did not have moisture contents below 40% (26) . The incorporation rates for naturally and precociously matured seed tissues indicated that synthetic rates did not severely decline until seed moisture contents fell below a somewhat critical level of 8%/s (data not shown). Although no attempt was made to quantitate each individual polypeptide synthesized, it is quite apparent from comparing the fluorograms of precociously and naturally matured seeds ( Fig. 1 versus Fig. 3 ) that these seeds are quite active in their ability to biosynthesize similar M, polypeptides during seed maturation.
Patterns of Total Soluble Proteins. Figure 4 illustrates SDS polyacrylamide Coomassie blue stained gels of total soluble proteins extracted from 35, 67. and 73 DAF freshly harvested seeds represented in Figure 3 . As previously discussed for Figure 2. the major storage protein subunit fractions found in soybean seeds were all detected at 35 DAF and showed no response to maturation. It is very likely that middevelopmental events slow down (i.e. accumulation of storage proteins [23] ) as maturation events are being initiated (3. 4. 10, 16, 18, 21) . At present. it is not clear whether storage protein synthesis in the soybean seed separation. and description of symbols are as described in Figure 1 .
is being turned off as 'maturation polypeptides' are being synthesized. The 128 kD and the 31 kD polypeptide bands observed in precociously matured seeds (Figs. 1 and 2 ) were also present in the naturally matured seeds (Fig. 4) .
The results presented in Figures 1 to 4 suggest that seed maturation in soybean, whether naturally or precociously achieved, is a metabolically active phase that can be associated with the de novo synthesis and accumulation of several polypeptides as evidenced by the [35S]methionine labeling studies. Two of these polypeptides, the 128 kD and the 31 kD, also distinctly stain with Coomassie blue and do not appear to be associated with the major storage protein fraction of the soybean seed. Thus, these several newly synthesized polypeptides can be described as maturation polypeptides.
In Vitro Protein Synthesis during Precocious Soybean Seed Maturation and at Natural Seed Maturity. Proteins were synthesized in vitro from mRNAs extracted from freshly harvested 35 DAF seeds, precociously matured 35 DAF seeds, and naturally matured 70 DAF seeds. The in vitro translations were carried out with a rabbit reticulocyte cell free translation system using either soybean seed poly(A + ) mRNA or total RNA. Figure 5 illustrates that the poly(A+) mRNA extracted from freshly harvested 35 DAF soybean seeds (lane 4) directed the synthesis of the majority of polypeptides found synthesized in vivo (lane 8) and exhibited a similar electrophoretic pattern. There are several differences between the polypeptides synthesized in vitro from mRNA extracted from fresh 35 DAF seeds (lane 4) and those extracted from 35 DAF seeds following drying treatments that resulted in their precocious maturation (lanes 5-7). These differences correlate with the proteins synthesized in vivo in precociously matured seeds (lane 9 vealed the presence of a unique subset of mRNAs in radish seeds that accumulated during maturation. These rapidly disappeared during early germination. The function of the polypeptides encoded by the maturation mRNA subset of mature radish seeds was not identified. Likewise, a group of polypeptides uniquely synthesized during maturation of Zea mays L. embryos (28) were not synthesized in the young, immature embryos unless the immature embryos were incubated with abscisic acid. similar to the observations made by Galau (13) . Apparently. abscisic acid has imlar effect on gene transcription as does induction by desiccation (5, 10) . The identification of proteins encoded by preexisting mRNA remains unknown except for lectin in dry pea (Pisurn sativum L.) (25) , isocitrate lyase and malate synthase in cucumber (Cucumis sativus L.) (30) , and ribosomal proteins in wheat (Triticum aestivum L.) (29) . It is possible that one or several of the lower Mr maturation polypeptides may be proteinase inhibitors. Such inhibitors represent 6% of soybean seed proteins with a M, of 20 to 50 kD (1) . The possible role or function in soybean seed maturation (or subsequent germination and growth) that may involve these maturation polypeptides remains speculative. We have recently been investigating whether these maturation polypeptides persis t through germination and/or seedling growth, the results of which will be the focus of our next paper.
